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Abstract 

We have carried out the 11 B NMR measurement on the itinerant paramagnetic systems UM3B2 
(M = Co, Ir) to investigate the low-dimensional characteristics of the 5/-electrons due to the 
structural anisotropy. The recent X-ray analysis suggests that UIr3B2 has a different structure 
modulated from the ever-known superlattice. The azimuth angle variation of NMR spectrum 
within the aft-plane clarified that B atoms occupy the single site, and a certain ligands arrangement 
surrounding B atom turns to the same orientation as the another one through the three- or six- 
fold rotation around the c-axis. These results have been consistent with the X-ray proposition. To 
evaluate the temperature (T) development of general susceptibility (Xq,u>), Knight shift and nuclear 
spin-lattice relaxation rates measurements were performed and the similar variations of Xq,u were 
identified in both UC03B2 and UIX3B2. Above a crossover point defined as T* ~ 50 K, the evolution 
of Xq,u is dominant at q = 0, suggesting that ferromagnetic correlations develop in high-T regimes; 
meanwhile, below T*, the q = part in Xq,uj shows the saturation tendency, and a different class of 
dispersion at finite-g suddenly emerges. This particular magnetic correlations are interpreted as the 
antiferromagnetic correlations, and notable feature of the magnetic state dynamics in low-T regimes 
is that the antiferromagnetic correlations arise together with the ferromagnetic component at the 
same time. The unique magnetic correlations obtained from NMR experiment will be discussed by 
the possible low-dimensionality of UM3B2 lattice. 

PACS numbers: 71.20.Lp, 75.20.-g, 75.40.Gb, 76.60.-k 
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I. INTRODUCTION 



The low-dimensional electron and spin systems have attracted much interest for a long 
decade, because these systems show a rich variety of physical properties. Highly anisotropic 
electron state and magnetic exchange lead a peculiar instability and quantum fluctuations. 
For example, in one-dimensional electron systems, insulating charge density wave arises due 
to the so-called Peierls instability of electron-phonon interaction, |l| or otherwise the anoma- 
lous conducting phenomena due to the critical fluctuations is well-known as Tomonaea- 
Lnttinger l iq uid| 3 Another representee examp.e in spin systems will a resonating 
valence bond state on two-dimensional triangular lattice, |4] and several experimental at- 
tempt to prove the theoretical predictions has been performed in the past year, (e.g., Ref. 



5) 



Many works investigating low- dimensional properties have focused on the transition metal 
oxides and organic compounds, because a lot number of model substances has been found 
in these systems. On the other hand, /-electron intermetallics, especially heavy-fermion 
systems, have been given rather less attentions. Recently, single crystal studies of ternary 
lanthanide bolides LnRh 3 B 2 (Ln =Ce, Pr) have been performed by T. Okubo and M. 
Yamada et al, and these compounds have been regarded as low- dimensional electrons and 
magnetic systems. 

The structural lattice of LnRh 3 B 2 is displayed in Fig. These compounds crystallize 
into hexagonal CeCosB^-type structure with space group P6/mmm. In this structure, two 
considerable feature, which will frequently affect on the physical properties of many-body 
electron systems, are contained. The first feature is the one-dimensionality along the c- 
axis. The lattice constant along the c-axis is markedly shorter than a-axis (for example, 
a = 5.469A and c = 3.096A for CeRh 3 B 2 .0, 0, , so that the strong correlations and the 
good conductivity along the c-axis will be reminded in a series of these compounds. From 
the comparison between de Hass-van Alphen experiment and band calculation, a wavy but 
almost flat Fermi surface concerned to the one-dimensionality has been actually concluded 
in both CeRh 3 B 2 and PrRh 3 B 2 ,0, 3] and correspondingly, the relatively larger magnitude 
of resistivity along the c-axis than the a6-plane has been clarified. []| The another striking 
feature of this compounds is a geometrical frustration. As shown in Fig. Q Ln sublattices 
form the triangular lattice, and ferrimagnetism in PrRh 3 B 2 , originating from an Ising-type 
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FIG. 1: The projection of LnRh 3 B 2 (Ln =Ce, Pr) structure onto (a) aft-plane and (b) ac-plane. In 
this unit cell, the lattice constant c is notably shorter than a-length. The closed, open and shadow 
circles mean Ln, Rh and B sites, respectively. All of the elements are crystallographically single- 
site, and Ln, Rh and B forms the triangular, kagome and honeycomb sublattices, respectively. 

classical antiferromagnetic frustration has been suggested, jij 

These results in lanthanide systems have been encouraged us to develop into the actinide 
families UM 3 B 2 (M —Co, Ir), and we have undertaken n B NMR measurement to look into 
low-dimensional characteristics of 5 /-electron systems. The UC03B2 crystallizes into the 
isomorphic LnRh 3 B 2 , and the UIr 3 B 2 forms the modulated superlattice due to the slight 



atomic displacement from the CeCo3B 2 -type structure. 



Ill ] Since the structural difference 



between these is insignificant, systematic comparison of the observed results can be possi 
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ble. These compounds displays the itinerant parama gnet ic behavior, 
magnetic ordering have been observed down to 0.5 K.|l5j] In the low temperature (T) state, 
the resistivity obeys the Landau-Fermi liquid type variations, and the Kadowaki- Woods 
law exhibited an amount of Sommerfeld coefficient (7) as a few hundred mJ/mol-K 2 for 

n 

UIr 3 B 2 and a tenth order for UCo 3 B 2 .[15j The larger 7 in UIr 3 B 2 than in UCo 3 B 2 suggests 
that UIr 3 B 2 has more enhanced quasi-particle band on Fermi level. In connection with this 
matter, the resistivity of UIr 3 B 2 draws the shoulder-like curve which is the signature of 
dense-Kondo systems. On the other hand, simple metallic behavior has been observed in 
UCo^.Q 
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In this paper, we report the n B NMR results investigating the crystallographic and 
electric properties in UM3B2. The NMR spectrum and its azimuth angle (8) variation in 
UIr 3 B 2 indicate that B site is single, and a ligands orientation surrounding B atom points 
the same way as the another one by three- or six-fold rotation around the c-axis. This 
NMR results obtained have been consistent with the modulated superlattice proposed by 
X-ray diffraction measurement. ll|] The Knight shift and nuclear spin-lattice relaxation rates 
varies its behavior around T* ~ 50 K in both UIr3B2 and UC03B2, which implies that the 
crossover of magnetic state dynamics commonly occurs in these compounds at the same 
T. Moreover, similar magnetic correlations have been identified in each systems from the 
evaluation of general susceptibility (Xg,u>)- Above T*, the development of x q ^ is mainly 
caused on q = 0, suggesting that ferromagnetic correlations grown in high-T regime. Below 
T*, the ferromagnetic components in Xq,u still maintain its magnitude, in addition, the finite- 
q dispersions in Xq,u standing for the antiferromagnetic correlations suddenly emerge. The 
origin of simultaneous observation of ferromagnetic and antiferromagnetic correlations in 
both UM3B0 is discussed on account of the low-dimensionality associated from the lanthanide 
LnRh 3 B 2 .y, 
proceedings, 

stated. In this paper, full set of data including UC03B2 will be presented, and qualitative 
analysis and comparison between two intermetallic bolides are carried out. 



□I The part of the works in UIr3B2 has already been published on previous 
where experimental results and its interpretations have been briefly 



II. EXPERIMENT 



The polycrystalline UC03B2 and the single crystal UIr3B2 18[ were grown by the Czochral- 
ski pulling method in tetra-arc furnace. The details of sample preparation will be described 
in elsewhere. |l5j] For the NMR measurement, UC03B2 was powdered in order to penetrate 
the rf pulses sufficiently, and UIr3B2 was sliced into lxlxl mm 3 dimensions for the easy 
treatment. The natural line width of these compounds were narrow (~ 10 kHz), indicating 
that the samples used in this paper have a homogeneous electron state without any lattice 
stains. 

NMR measurements were carried out by conventional spin-echo method with 90°-180° 
series of pulse, using phase-coherent pulsed-spectrometer. T-range is 5-270 K, and applied 
magnetic field (H) was fixed to be H ~ 8 T for UC03B2 and H ~ 7 T for UIr 3 B 2 . The 
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NMR spectrum was obtained from the Fast Fourier-transformation technique. The Knight 
shift of UIr 3 B 2 {K a \ a = ab, c) were measured at the peak-frequency of central resonance 
(+1/2 «-> —1/2 transition) within the afr-plane (parallel to [210]) and c-axis (parallel to 
[001]). Meanwhile, the Knight shift of UC03B2 (K w ) was estimated from the gravity of 
central resonance, and K &v means the spatial average of generally anisotropic Knight shift. 
This comes from the powdering procedure. The nuclear spin-lattice relaxation rate of UIr3B2 
([TiT]" 1 ) and UCo 3 B 2 ([TiT]~^) was obtained from the saturation-recovery method (90°- 
90°-180° pulse sequences), and then, satellite resonance (—1/2 <-> +1/2 transitions) for 
UIr3B2 and all of the spectrum components for UC03B2 was excited. Obtained nuclear- 
magnetization recoveries was uniquely determined by a single components function with 



the magnetic relaxation process 



19j | over the measured T-range. This means that the ob- 



tained amount of nuclear spin-lattice relaxation rate and its T-variations are accurate and 
reasonable. 



III. RESULTS AND DISCUSSIONS 
A. NMR spectrum 

Since the crystal structure of UIr3B2 does not still determined precisely, we measured 
the NMR spectrum in several orientation to mention the crystal symmetry. The Fig. E(a) 
and Efb) shows the n B NMR spectra of UIr 3 B 2 at 5.5 K. In the case of if || c, a simple 
NMR spectrum with the small electric field gradient (EFG) on I = 3/2 nuclear spins have 
been observed. This result concludes that the magnitude of EFG is the same on all n B 
nuclei, and thus crystallographically single site is inferred for B atoms. The if-application 
within the afe-plane splits NMR spectrum into the three sub-spectra. The ratio of three 
sub-spectra is 1 : 1 : 1. From the ^-variation of NMR spectrum within the afr-plane, the 
quite similar behaviors of satellite spacing (W) for each sub-spectra was found; whose curves 
trace the same amplitude and the periodicity, but its phase alternates 60° in orders. The 
z-axis of EFG tensor points to [210] {6 = 0°) or its equivalent directions, suggested by 
the six-fold symmetry of NMR spectrum and the larger jy-maxima than that of c-axis. 
This results represent that a certain ligands orientation enclosing B atoms can have the 
same arrangement as the another one by the 60° or the 120° sample rotation around c-axis. 
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FIG. 2: The n B NMR spectrum of UIr 3 B 2 , (a) along the c-axis and (b) within the aft-plane. In 
(b), the azimuth angle (Q) between H and [210] are scaled in right hand longitudinal axis. The 
three different pairs of satellite are denoted as circles, squares and triangles, respectively. The 
8- variations of satellite spacing (W) are plotted in (c). The solid lines are the fit results described 
in text. 



The recent proposed structure by the X-ray diffraction measurement III can explain the 
rotational variation of NMR spectrum, and The details of X-ray analysis will be appeared 
in separate paper. 

To evaluate an amount and anisotropy of EFG, we estimate the nuclear quadrupole 
frequency (vq) and asymmetric parameter (r/) defined as uq = 3e 2 QV zz /20irh and r\ = {V yy — 
Kcx)/V zz , where Q is the nuclear quadrupole moments of n B nucleus, and Vpp (/3 = x, y, z) is 
the magnitude of EFG along the /3-axis. These parameters can be obtained from the fitting 
of W with the theoretical function described as, j^J 



W = u Q (3cos 2 9 



r]sin 2 cos20). 



(1) 



In the case of = 0° (therefore V yy || c), the fairly fit could not be done due to the theoretical 
demand on V xx < V yy < V zz . As a result, V xx is determined along the c-axis and fitting was 



performed with = 90°. The results are displayed in Fig. |2^c) as the solid lines. Although 
the fit has been carried out independently for three different W, the almost same Uq and rj 
was obtained. This is the another proof of crystallographically single B site. The mean value 
of EFG parameters are vq = 300 kHz and rj = 0.79. The rather large rj would imply that Ir 
ligands surrounding B atom distorts from the CeCo3B 2 -type structure, in which axial EFG 
symmetry (77 = 0) is expected, because B atoms locate on the gravity of regular prismatic- Ir 
and U-triangle. 

Fig. El shows the T-variation of n B NMR spectra in UC03B2. The satellite resonances 
were broadened due to the sample powdering process. The satellite components in NMR 
spectrum spread over the ±400 kHz, and this amount is comparable to the z/q obtained 
in the UIr 3 B 2 (300 kHz). Since the approximately identical valence is assumed in both 
compounds, the structural similarity between these will cause the same order of uq. The 
central resonance is also broadened due to the anisotropic Knight shift, and we performed 
the analysis of the obtained spectrum at 5.5 K with general powder pattern. [2]] The result 
is shown in the inset of Fig. El Since the peak and two mid-points in central resonance 
correspond to the each Knight shifts along its principal axis, these mean (K av ) can be 
interpreted as isotopic part, and its T- variations will be discussed in next subsection. 
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FIG. 3: The n B NMR spectra of UC03B2 powder at several temperatures. The inset is the 
magnified figure of central-resonance at 5.5 K, and the solid line is an outcome from the general 
powder-pattern (shadow part) convoluted with the Lorentz functions. 
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FIG. 4: The Knight shift vs. temperature plot of (a) UC03B2 and (b) UIr3B2- The solid lines are 
the results of Curie- Weiss fit above 50 K. 

B. Knight shift and K — \ plot 

Fig. EJshows the T- variation of Knight shift of UC03B2 (K av ) and UIr3B2 (K a b, K c ). Both 
Knight shift gradually arise with decreasing T, whereas these show the saturation tendency 
below T* ~ 50 K; K c and K w display the T-independent behavior, but K ab deviate slightly 
from the continuous variance. Similar crossover behaviors are also seen in nuclear spin- 
lattice relaxation rate as described later, and the obtained results mean that two different 
class of magnetic state discriminated at T* is realized in both UM 3 B 2 compounds. 

To evaluate the amount of hyperfme interactions between n B nuclei and the conduction 
electrons, we estimate hyperfme coupling constant (A av for UC03B2 and A a for UIr3B2) from 
the Knight shift vs. susceptibility (K-x) plots. The results are shown in Fig. The K-\ 
of UC03B2 is straight in all T-range, and A av derived from the relation K av = {A^ / N xI^b)x 
has been 1.2 kOe///B- On the other hand, the K~x in UIr3B2 two times bend at 140 K 
and 50 K, which will be clearly seen in K ab . The first anomaly at 140 K will originate 



from the coherent electron correlations. Actual 



&calm drop around similar T has been 
The second anomaly at 50 K will be 
caused by the ferromagnetic impurities. According to the magnetization measurement, 15] 
the ferromagnetic hysterisis has been observed and it exhibits rapid enhancement in the T- 
variation of susceptibility below 50 K. The plausible hyperfme coupling constants obtained 
from the linear part above 140 K are A^ = 4.1 kOe//iB and A c = —5.8 kOe//iB. The 
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FIG. 5: The Knight shift vs. susceptibility plot of (a) UC03B2 and (b) UIr3E>2. The solid lines 
are the linear fit to evaluate the hyperfine coupling constant. 

hyperfine coupling in both materials is rather small than other ligand NMR in /-electron 
systems, and this will imply that valence band in B atoms are far from the Fermi level. 
From the former band calculation by an APW method in UlraE^j^ the density of state 
at the Fermi level were assumed to mainly come from the U(5/) and Ir(5d) electrons, and 
these elements plays the dominant role for physical properties in UIr3B2. As a result, small 
hybridization between B(2s) bands and conduction electrons will be the origin of the weak 
hyperfine interactions. 

In UIr3B2, the T* is similar to the emergent point of ferromagnetic moments. To verify 
that the Knight shift (and the nuclear spin-lattice relaxation) anomaly is extrinsic or not, 
we checked the T-variation of spectrum line width of n B NMR. If the Knight shift anomaly 
originates from the hyperfine field from the magnetic impurity, the line width should be also 
broadened. The T-variation of line width obtained from the central and satellite resonance 
along the c-axis is displayed in Fig. |Ul Between 5.0 K and 250 K, the observed line width is 
T-invariance, and no anomaly across T* could not be confirmed. Thus, the Knight shift (and 
the nuclear spin-lattice relaxation rate) anomaly around the T* is assumed to be intrinsic. 

For the qualitative estimation of the magnetic state above the T*, the Curie- Weiss fit of 
the Knight shift has been performed in both UM 3 B 2 compounds. The applied fitting func- 
tion is K ma = C &w>a /(T + 9 aV)(X ) + Kyy, where K vv is the T-independent van Vleck part in 
the Knight shift. The results are shown in Fig. 0]as the solid lines. The obtained Weiss- Ts 
are 8 av = —70 K, 8 a b = —241 K and 8 C = —189 K, and all of these are negative. Although a 
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FIG. 6: The line width vs. temperature plots in UIX3B2. The magnetic field directs to the c-axis, 
and no anomaly across the T* ~ 50 K is confirmed in this figure. 

simple consideration from the localized picture associates with the antiferromagnetic corre- 
lations from the negative Weiss-T, another magnetic state will be claimed by the comparison 
between the Knight shift and the nuclear spin-lattice relaxation rate. The detailed analysis 
will appear in next subsection. From the estimated Curie constant C aV)Q and the formerly 
obtained A aVjQ , we calculate effective magnetic moments of U atoms. The results have been 
/j^ = 0.55/iB, = 1.49/xb and /x^ ff = 0.55/xb- Since the full moment of U 3+ and U 4+ are 
in the order of 3.2 /ib, the estimated magnitudes of magnetic moment imply the itinerancy 
of 5 /-electron even in the high-T state. 
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C. Nuclear spin- lattice relaxation rates 

From the results of K w , a and \TiT]~^ a) the T- variations of Xq,u> are discussed in this 
subsection. In general, K ma is in proportion with the uniform susceptibility equivalent to 
the longitudinal Re[xq,J at q, u = 0. On the other hand, [T 1 T]^ V 1 Q probes the transverse 
Im[xq,oj] in wide g-range, expressed as,j3] 

where A q is the hyperfine coupling constant in g-space, and ujq is the Larmor frequency 
of applied rf pulses. In UIr 3 B 2 , the NMR measurement has been performed with a single 
crystal, and consequently Eqs. |2l means that [TxT]" 1 relates to the afr-plane components of 
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FIG. 7: The temperature variations of -R a v,a- The means of the squares, circles and triangles are 
displayed in the explanatory notes. 

Im[x gA) ], whereas [T±T]~^ does to the ah- and also c-axis components. To gain the knowledge 
about the anisotropic properties of Xq,u, the next reductions of [TiT]^ 1 described as, 

R ab = [T x T]-\ (3) 
R c = 2[T 1 T]- 1 - \T.T\-\ (4) 

have been performed. As a result, R a signifies the longitudinal Im[x 9) J along the a-direction, 
and the anisotropic properties of magnetic correlations can be discussed from the experimen- 
tal point of view. In UC03B2, meanwhile, the NMR measurement has been carried out with 
the powder sample, therefore, [TiT}~^ means the spatial average of the nuclear spin-lattice 
relaxation rates, and [TiT]^ 1 is simply replaced as R av . 

Fig. HI shows the T-variation of R av , a - With decreasing T, the steadily enhancement of 
.R aVjQ not to be the T-indepenent Korringa relations in metallic compounds was found. This 
result suggests that the magnetic excitations underneath the itinerant Pauli paramagnetism 
exist in both UM 3 B 2 compounds. As mentioned in the former, the magnetic state crossover 
in low-T state is also confirmed from the rapid enhancement of R w , a . This behavior stands 
out especially in UIr3B2, and the rather strong magnetic correlations in UIr3B2 than UC03B2 
will be suspected. 

To derive the characteristics of magnetic correlations, we compared the T-variations of 
Knv,a with -R aViCr . Fig. |H1 shows the K w , a vs. R w , a plots as T-implicit. Above T*, the good 
linear relations between K WfiL and R w ,a has been found in both UM 3 B 2 ; in other words, this 
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result expresses that the K w ^ a and the -R av ,a are proportional to one another. As described 
in Eqs. 121 R& v ,a probes the uniform susceptibility (xo,o) and also the finite-g components of 
Xq,u>7 so that the staggered parts in Xq,u should be zero in order that -R av , a follows on the same 
T- variations of K av a . The development of q = spin fluctuations means the ferromagnetic 
correlations, and it is interesting that UC03B2 and UIr 3 B 2 have the same feature in common. 
In the itinerant systems with ferromagnetic exchange, the similar T-variance of if am* and 
R&v, a sometimes occurs. The typical substances will be the Laves phase compunds, 24| and 
the theoretical explanation has been already performed in the framework of self-consistent 
renormalization theory. j3] 

Below T*, the K w a vs. -R av ,a plots abruptly bend in both UM 3 B 2 as shown in Fig. |SJ 
The breakdown of the scaling law results from the incompatible behaviors between K w a 
and -R av ,a; namely, K av , a shows a T-invariant tendency, but -R av ,a exhibits the monotonic 
increase. From the same consideration above T*, the behavior of suggests that the 

ferromagnetic component prescribed by xo,o almost saturates. On the other hand, the un- 
expected enhancement of -R av , a against the T-invariant tendency of K aYj0l is interpreted as 
the appearance of the antiferromagnetic correlations attributed from the finite-g dispersions 
emerged in Xq,u- The remarkable feature below T* is that the spectral weight of Xo,o still 
remains, because the spin part of -ft" av , a does not go down to zero with decreasing T. Fur- 
thermore, Xo,o seems to form the complicated dispersions with the fmite-g components of 
Xg,u- This assumption suggests that the ferromagnetic and antiferromagnetic correlations is 
present at the same time in low-T regime. 

It is noteworthy that UC03B2 and UIr3B2 show the similar magnetic properties; the 
ferromagnetic correlations develop above T*, and ferromagnetic and antiferromagnetic cor- 
relations simultaneously emerge below T*. From the comparison of each compounds, it is 
mentioned that the structural lattice is almost isomorphic. In addition, the valence state 
is assumed to also closely resemble, because Co and Ir locate at the same column in the 
periodic table. Meanwhile, the <i-bands formed by the transition metals are different due to 
the Co-3g? and Ir-5d configurations. The antiferromagnetic correlations infered from i? av , a 
have been more emphasized in UIr 3 B 2 than UC03B2. This will be caused from the different 
degree of the hybridization between the 3d-5f and 5d-5f state. On the other hand, similar 
magnetic properties will originate from the structural similarity in each compounds. As 
described in the Sec. HI LnRh 3 B 2 has a quasi-one dimensional electrons bandp, la because 
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FIG. 8: The K aVta vs. i? a v,» plots of (a) UC03B2 and (b) UIr3B2- With increasing K w ^ a and 
R&v,a, T goes down in this plots. The solid lines are the guide to eye for the linear relations above 
T* ~ 50 K. 

of the highly compressed structure along the c-axis. One plausible exposition by a structural 
clue will be a nesting effect of the ferromagnetic band. In such a case, ferromagnetic corre- 
lations above T* will be caused by the intra-band spin exchange. Meanwhile, flat regions of 
Fermi surface may lead to substantial nesting effects with a large contact area, which may 
in turn give rise to antiferromagnetic correlations with a fmite-g below T*. Although the 
experimental band investigations in UM3B2 have not been done yet, an implication for the 
one-dimensionality is the good conductivity along the c-axis observed in UIr 3 B 2 ,[15| and this 
matter of fact can be associated with a flat part in Fermi surface along the afr-plane. For the 
further investigation of the Fermi surface geometry, the de Hass-van Alphen and/or the an- 
gle resolved photo emission experiment are needed to understand the magnetic correlations 
obtained by NMR. 

IV. CONCLUSION 

We have performed n B NMR measurements on the powdered UC03B2 and the single 
crystal UIr 3 B2- From the NMR spectrum in UIr3B2 observed in various crystal axes, crys- 
tallographically single B site was identified, and the ligands arrangements on the two different 
B sites face the same way by the 60° or the 120° rotation around the c-axis. This has been 
the consistent result with the recently proposed structure of UIr 3 B 2 examined by the X-ray 
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diffraction measurement |l l|| using the same piece of ingot. From the K-\ plots, the mag- 
nitude of the hyperfine coupling constant was estimated, and then A av = 1.2 kOe//iB for 
UC03B2, A ab = 4.1 kOe//iB and A c = 5.8 kOe//ie for UIr 3 B 2 have been obtained. The T- 
variations of i^ av>a and -R av ,a i n both UM 3 B 2 have been revealed the magnetic state crossover 
at the same point T* ~ 50 K. The development of Xq,u evaluated from i^ av>ce and -R av ,a have 
clarified the similar characteristics of the magnetic correlations in both UM3B2. Above T*, 
the ferromagnetic correlations evidenced from the development of xo,o was found. On the 
other hand, below T*, the antiferromagnetic correlations suggested from the finite-g com- 
ponents in Xq,uj abruptly emerges. Since the ferromagnetic correlations does not show the 
tendency of the reduction below T*, the ferromagnetic and the antiferromagnetic correla- 
tions seem to exist simultaneously in low-T phase. To understand the magnetic properties 
observed in UM3B2, the discussion based on the structural origin have been performed. 
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